Objective: The importance of central blood pressure evaluation for cardiovascular risk stratification has been emphasized. The aim of this study is to evaluate whether brachial blood pressure obtained by the oscillometric method accurately reflects central blood pressure. Methods: The subjects consisted of 84 consecutive patients with suspected coronary artery disease who underwent cardiac catheterization. Central blood pressure was invasively measured in the origin of the left subclavian artery by using the fluid-filled system, and at the same time, brachial blood pressure in the left upper arm was measured by the oscillometric method. Results: No significant difference was found between central systolic pressure and brachial systolic pressure (144.49± 18.84 mmHg vs. 142.44± 14.96 mmHg, P= 0.063). Bland-Altman analysis accounted for only a small bias of +2.25 mmHg, and the limits of agreement were 24.15 mmHg and -19.65 mmHg. Central diastolic pressure was significantly lower than brachial diastolic pressure (75.80± 8.74 mmHg vs. 86.70± 10.48 mmHg, P< 0.001). Bland-Altman analysis showed a significant bias of -5.45 mmHg, and the limits of agreement were 2.83 mmHg and -13.73 mmHg.
INTRODUCTION
Central blood pressure, indicating signs for the direct cardiac afterload, compared with peripheral blood pressure reflect more accurately the left ventricular myocardium, coronary and cerebrovascular events [1] . The importance of central blood pressure evaluation for cardiovascular risk stratification has been emphasized [2] . Various methods have been developed to measure central blood pressure. A previous study showed that radial systolic arterial pressure gives a poor estimate of the actual pressure in the ascending aorta, while the radial mean and diastolic arterial pressure are reliable [3] . Some investigators reported that central pressure waveform can be precisely generated from the radial pressure waveform obtained by applanation tonometry with the use of general transfer function [4] [5] [6] , whereas, others reported that a significant underestimation of central systolic pressure and pulse pressure was caused by radial pressure waveform [7] [8] [9] . In clinical settings, brachial arterial blood pressure is commonly used. Brachial systolic and diastolic pressures measured with a cuff-type sphygmomanometer may give better estimates of central systolic and diastolic pressures [7] [8] [9] [10] . On the other hand, several investigators reported that there is a debate on the biases of accuracy in the cuff-type sphygmomanometer when used to measure systolic and diastolic brachial pressures [11, 12] . The purpose of the present study is to evaluate whether brachial blood pressure obtained with a cuff-type sphygmomanometer actually reflects central blood pressure measured by the invasive method.
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MATERIAL AND METHODS

Study Patients
Among the patients who underwent coronary angiography due to chest pain from January 2010 to July 2010 at Soonchunhyang University Cheonan Hospital in South Korea, 84 patients who showed no significant stenosis (less than 50% of the reference diameter) and were negative for ergonovine provocation test, were enrolled in this study. The patients consisted of 27 males and 57 females.
This study excluded the patients with: brachial and central systolic pressure ≥200, significant valvular heart disease, significant cardiac arrhythmia, an ejection fraction less than 50%, significant valvular heart disease, a serum creatinine above 1.5 mg/dL, a tortuous aorta, heart rate less than 50 beat per minute or more than 100 beat per minute, and diabetes mellitus. In all patients, pulsation of the left brachial artery was overt at their antecubital fossae.
The study was approved by the local ethics committee, and written informed consent was obtained from all subjects.
Measurement of the Brachial Blood Pressure, Central Blood Pressure and Pulse Wave Velocity
Shortly after diagnostic coronary angiography, a 5-F Judkins Right (JR) catheter was placed just distal to the origin of the left subclavian artery. Central blood pressure was measured at this site with a 5-F JR catheter using a fluid-filled system. While obtaining central blood pressure, brachial blood pressure in the left upper arm was simultaneously measured with a validated and calibrated automated cuff-type sphygmomanometer (H9000SE, Mennen Medical, Israel) using the oscillometric method. The measurement of upper arm pressure was made only once while obtaining central blood pressure. Pulse wave velocity (PWV) measurement and surface electrocardiography were simultaneously performed at a speed of 100 mm/sec via the JR catheter, and a 6-F sheath was placed in the right iliac artery using the fluid-filled system (Fig. 1A) . PWV was defined as distance/pulse wave transition time. The distance was defined as the length of the catheter exposed outside and the length of the sheath (12 cm) subtracted from the total length of the catheter (100 cm). The pulse wave transition time was obtained by subtracting the transition time of the descending aorta from that of the right iliac artery using the foot-to-foot method and measuring the interval between the beginning of QRS wave and the starting position of the first increase in pulse wave on surface electrocardiography (Fig. 1B) . To minimize errors in measuring transition time, we used the mean value measured from 3 consecutive pulse waves.
Statistical Analysis
Data are presented as means±SD. A value of P < 0.05 was considered statistically significant. All statistical analyses were performed using SPSS ver. 14.0 (SPSS Inc., Chicago, IL, USA). Differences between central and brachial blood pressures were tested using the paired Student's t-test. Bland-Altman analysis [13] was applied to the evaluation of agreement between the 2 methods of pressure measurement. The Pearson's correlation was used to identify the correlation between central blood pressure, brachial blood pressure and PWV. The length of the sheath (12 cm) exposed outside the sheath was subtracted from the total length of the catheter (100 cm).
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RESULTS
The mean age of the patients was 57. 1 ). There was a significant correlation between the 2 parameters (r = 0.726, P < 0.001) (Fig. 4A ). Bland-Altman analysis revealed a significant, large bias of +12.79 mmHg, and the limits of agreement were 34.67 mmHg and -9.09 mmHg (Fig. 4B ). PWV indicating arterial stiffness was significantly correlated with central systolic pressure (r = 0.464, P < 0.001), central pulse pressure (r = 0.556, P < 0.001), brachial systolic pressure (r = 0.440, P < 0.001) and brachial pulse pressure (r = 0.512, P < 0.001). PWV was also significantly correlated with age (r = 0.512, P < 0.001). The mean ± SD of PWV was 10.05 ± 3.03 m/sec. PWV was higher in the older and hypertensive groups ( 
DISCUSSION
The gold standard for the measurement of arterial pressure is direct intra-arterial measurement with a catheter. However, this technique is neither practical nor appropriate for repeated measurements in nonhospitalized patients or asymptomatic individuals at a large-scale public health screening. Instead, the indirect measurement method is commonly used. By using the tonometric sensor to measure blood pressure was traditionally. However, this method was limited in technical accuracy, obesity and reproducibility of measurements. Thus, using relatively simple oscillometric method to measure peripheral blood pressure became a way to develop [14] . It has been known for more than 50 years that there are considerable differences in brachial pressure between cuff measurements and invasive measurements, especially in older subjects [15] [16] [17] . Smulyan et al. [18] reported that an inaccuracy of the os- [11] reported that systolic blood pressure measurement by this method is accurate, but diastolic pressure, which is derived from systolic and mean pressures, may not be accurate. Some previous studies showed that brachial diastolic pressure measured by the cufftype oscillometric method was higher than directly recorded aortic central diastolic pressure [19] . The result of the present study corresponds well with those of earlier studies which reported that al. [7] reported an important finding that peripheral systolic blood pressure measurements using a cuff-type automated sphygmomanometer from the left upper arm overestimated invasive measurements of systolic blood pressure in the ascending aorta only by an insignificant value of 3.36 ± 10.47 mmHg. Cloud et al. [9] also reported that noninvasive brachial systolic pressure underestimates the catheter measured peak aortic pressure by only an insignificant value of 1.9 mmHg. Likewise, the present study showed that there was no significant difference between central systolic pressure measured in the aortic arch and brachial systolic pressure obtained from the left upper arm by the oscillometric method in patients with suspected coronary artery disease. Also, the observed biases seemed to remain within the practical range. The peak systolic pressure is greater in the upper arm than in the aorta due to amplification [21] . This amplification is related to the intensity of wave reflection, the difference in stiffness between central and distal arteries, the blood pressure level and PWV [22] [23] [24] [25] . Our study Paired t-test.
http://jsms.sch.ac.kr subjects consisted of patients with suspected coronary artery disease aged 57.87± 13.86 years, and they showed a high PWV (10.13 ± 3.06 m/sec). We presumed that pressure waves were less amplified in our study, which resulted in no significant difference between central and brachial systolic pressures. With increasing age and degree of hypertension, arteriosclerosis or atherosclerosis, arterial wall thickness increases and presents functional and structural abnormalities [26, 27] . These alterations predominate much more in the central elastic arteries than in the distal ones, and thus can generate an increase in central pressure pulse [21, 27, 28] . With increasing age and arterial stiffening, the modifications in the contour and amplitude of aortic pressure pulse are associated with a decrease in pulse amplification between central and peripheral arteries [26, 29] . In our study, the mean value of central systolic pressure was higher than that of brachial systolic pressure (151.58 mmHg vs. 147.53 mmHg) in the older group (age ≥ 60 years). Also, in the hypertensive group (central systolic pressure ≥140 mmHg), the mean value of central systolic pressure was higher than that of brachial systolic pressure (156.77 mmHg vs. 150.44 mmHg). As mentioned above, the finding that central systolic pressure is higher in the older and hypertensive groups seems to be associated with an increase in PWV and augmentation of aortic pressure caused by the early return of reflected waves from the lower body and a decrease in the pulse amplification. On the other hand, since our study was done using a fluid filled catheter system, the results could be due to the overshooting of the systolic blood pressure. Assessment according to the USA Association for the Advancement of Medical Instrumentation SP10 criteria [30] for arterial pressure measurement with an automated sphygmomanometer requires a mean difference of ± 5 mmHg and SD ± 8 mmHg (2 SD, ± 16 mmHg) from the reference standard. In our study, although pressure measurements were made at 2 different sites, the mean difference in systolic pressure between the aortic arch and left upper arm remained less than ± 5 mmHg. However, the mean difference in diastolic pressure and the standard deviation of the differences between paired measurements in systolic pressure exceeded the above criterion. The relative large standard deviations of the differences between paired measurements of aortic and brachial systolic pressures are considered to be caused by the poor reproducibility of the single measurement from the upper arm with a cuff-type sphygmomanometer [12, 18] . In any case, single measurement of blood pressure with a sphygmomanometer and unusual circumstances in a catheter laboratory causes large errors [31] . Also, the oscillometric technique is particularly vulnerable to error in certain clinical circumstances, such as patients with arrhythmias and elderly patients with stiff arteries due to atherosclerosis [32] . The impact of human error on blood pressure measurement is a well-described and substantial problem. Human errors include inaccurate cuff selection and application, incorrect cuff positioning, inadequate rest period, rapid cuff deflation rate, poor observer concentration, digit bias and lack of repeated measurements. Use of automated devices rectifies some but not all of these problems [33] . However, if we had made measurements from the upper arm by oscillometric method as many times as practically possible to obtain the average values, systolic central pressure could have been replaced by systolic pressure obtained from the upper arm in a study group with less pressure amplification. Our study is a cross-sectional, observational one. Also, it has a limitation stemming from its small sample size.
In conclusion, the results of the present study suggest that bra- 
